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MICROFABRICATED LINEAR ACCELEROMETER 

Cross-Ref erence to Relate App lic ation 

This application is related to Application Serial No. 09/782,708 
entitled "ANGULAR ACCELEROMETER," filed on February 13, 2001. 

Te chnical Field 

The present invention generally relates to acceleration sensors 
(i.e., accelerometers) and, more particularly, relates to a microfabricated 
capacitively coupled linear accelerometer. 

Backg r ound of the Invention 

Accelerometers are commonly employed to measure the second 
derivative of displacement with respect to time. In particular, linear 
accelerometers measure linear acceleration along a particular sensing axis. 
Linear accelerometers are frequently employed to generate an output signal 
(e.g., voltage) proportional to linear acceleration for use in a vehicle control 
system. For example, the sensed output from a linear accelerometer may be 
used to control safety -related devices on an automotive vehicle, such as front 
and side impact air bags. In addition, low-g accelerometers are increasingly 
being used in automotive vehicles for vehicle dynamics control and suspension 
control applications. 

Conventional linear accelerometers often employ an inertial 
mass suspended from a frame by multiple support beams. The mass, support 
beams, and frame generally act as a spring mass system, such that the 
displacement of the mass is proportional to the linear acceleration applied to 
the frame. The displacement of the mass generates a voltage proportional to 
linear acceleration, which is used as a measure of the linear acceleration. 

One type of an accelerometer employs a capacitive coupling 
between a fixed plate and a movable plate that is movable in response to linear 



acceleration. For example, some capacitive type linear accelerometers 
employ an inertial mass suspended around the outer perimeter to a frame and 
having a movable capacitive plate separated from, and capacitively coupled to, 
a fixed capacitive plate such that displacement of the mass and movable plate 
changes the capacitive coupling between the fixed and movable plates. Prior 
known capacitive type linear accelerometers are configured with the mass 
connected to a substrate at the outer periphery. Such conventional 
acceleration sensors have a number of drawbacks which include susceptibility 
to poor sensitivity, fabrication processing complications, susceptibility to 
impulsive shocks due to handling, and problems caused by temperature- 
induced stresses. 

Accordingly, conventional linear accelerometers often suffer 
from various drawbacks including deficiencies in sensitivity of the 
microsensor due to the structural asymmetries, fabrication processing, 
packaging, impulsive shocks due to handling, and temperature-induced 
stresses. It is therefore desirable to provide for a low cost, easy to make and 
use, and enhanced sensitivity linear accelerometer that eliminates or reduces 
the drawbacks of prior known linear accelerometers. 

Summary of the Invention 

In accordance with the teachings of the present invention, a 
linear accelerometer is provided having a substrate, a fixed electrode 
supported on the substrate and including a first plurality of fixed capacitive 
plates, and an inertial mass substantially suspended over a cavity and 
including a plurality of movable capacitive plates arranged to provide a 
capacitive coupling with the first plurality of fixed capacitive plates. The 
inertial mass is linearly movable relative to the fixed electrode. A central 
member is fixed to the substrate and located substantially in a central region 
of the inertial mass. A plurality of support arms support the inertial mass 
relative to the fixed electrode and allow linear movement of the inertial mass 
upon experiencing a linear acceleration along a sensing axis, and prevent 



linear movement along a nonsensing axis. An input is electrically coupled to 
one of the fixed electrodes or the inertial mass for receiving an input signal, 
and an output is electrically coupled to the other of the fixed electrode or the 
inertial mass for providing an output signal which varies as a function of the 
capacitive coupling and is indicative of linear acceleration along the sensing 
axis. 

By connecting the inertial mass to the fixed central member via 
the plurality of support arms, the linear accelerometer is less sensitive to 
stresses induced by fabrication processing, packaging, handling, and structural 
asymmetries. The realization of high mechanical sensing gain is also realized 
with the linear accelerometer to achieve enhanced immunity to 
electromagnetic interference (EMI) signals and environmental conditions, such 
as temperature. The linear accelerometer also provides high gain for linear 
accelerations about the sensing axis, while minimizing the effects of 
sensitivity due to linear off-axis accelerations and rotational cross-axis 
accelerations. 

These and other features, advantages and objects of the present 
invention will be further understood and appreciated by those skilled in the art 
by reference to the following specification, claims and appended drawings. 

Brief Description of the Drawings 

The present invention will now be described, by way of 
example, with reference to the accompanying drawings, in which: 

FIG. 1 is a top view of a linear accelerometer formed on a 
substrate according to a first embodiment of the present invention; 

FIG. 2 is a cross-sectional view of the linear accelerometer 
taken through lines II-II of FIG. 1; 

FIG. 3 is an enlarged view of section III of FIG. 1; 

FIG. 4 is an enlarged view of central section IV of FIG. 1; 

FIG. 5 is a block/circuit diagram illustrating processing 
circuitry coupled to the linear accelerometer; and 



FIG. 6 is a top view of a linear accelerometer formed on a 
substrate according to a second embodiment of the present invention. 

Description of the Preferred Embodiments 

Referring to FIGS. 1 and 2, a linear accelerometer 10 is 
illustrated according to the first embodiment of the present invention for 
sensing linear acceleration along a designated sensing axis, shown configured 
in this embodiment as the X-axis. The linear accelerometer 10 senses linear 
acceleration along the sensing X-axis, while preventing the sensing of linear 
off-axis accelerations along other axes, such as the Y-axis and Z-axis, and 
rotational cross-axis accelerations. The linear accelerometer 10 is a 
micromachined accelerometer having an inertial mass and supporting structure 
which greatly minimizes the sensitivity of the microsensor to structural 
asymmetries, fabrication processing, packaging, impulsive shocks due to 
handling, and temperature-induced stresses. Additionally, the linear 
accelerometer 10 has high sensitivity due to high mechanical gain, and thus is 
less sensitive to noise interference such as electromagnetic interference (EMI). 

The linear accelerometer 10 is fabricated on a single-crystal 
silicon substrate 60 using a trench etching process, such as DRIE and bond- 
etchback process. The etching process may include etching out a pattern from 
a doped material suspended over a cavity 34 to form a conductive pattern that 
is partially suspended over the cavity 34. One example of an etching process 
that may be used to form the linear accelerometer 10 of the present invention 
is disclosed in commonly assigned Application No. 09/410,713, filed on 
October 1, 1999, and entitled "MEMS STRUCTURE AND 
MICROFABRICATION PROCESS," which is incorporated herein by 
reference. While the linear accelerometer 10, as described herein, is 
fabricated on a single-crystal silicon substrate using a trench etching process, 
it should be appreciated that the linear accelerometer 10 could be fabricated 
using other known fabrication techniques, such as: an etch and undercut 




process; a deposition, pattern, and etch process; and an etch and release 
) process, without departing from the teachings of the present invention. 

The linear accelerometer 10 includes an inertial mass 12, 
generally formed in the shape of an annular ring, suspended over cavity 34, 
5 and a stationary central member 15 trench etched from the mass 12 and 

fixedly attached to the underlying substrate 60 via oxide layer 64 and centered 
in the annular ring-shaped mass 12. The inertial mass 12 has a plurality of 
rigid pomb-like conductive fingers 14 extending outward from the outer 
peripheral edge of the annular ring to serve as movable capacitive plates. The 
10 conductive fingers 14 are formed along an axis (e.g., Y-axis) perpendiculanto^ 
the^sensing^ The inertial mass 12 with comb-like 

conductive fingers 14, is a movable mass that is suspended over a cavity by 
support arms which are formed to allow inertial mass 12 to move linearly 
about the sensing X-axis when subjected to a linear acceleration along the 
15 sensing X-axis of the linear accelerometer 10. For purposes of discussion 
herein, the X-axis and Y-axis are defined as shown oriented in FIG. 1, and 

the Z-axis is defined as shown in FIG. 2. 

According to the first embodiment shown, the linear 
fy accelerometer lfejms a main central portion having a substantially elliptical 
20 shaped ring, with tlWconductive fingers 14 extending outward from the 
central portion and peip^ndicular to the sensing X-axis. Accordingly, the 
plurality of conductive fingfer 14 are arranged extending along the Y-axis. 
The length of the conductive fihgers 14 may vary as shown such that longer 
conductive fingers 14 are formed atohe narrower part of the central portion of 
25 mass 12, as compared to the wider partyof the central portion of mass 12, to 
achieve a substantially round-shape for th^pverall configuration of the inertial 
mass 12 and conductive fingers 14. 



Pi 



2 ?3 

y I 



S3 

5 



The inertial mass 12 is shown generally suspended above cavity 
34 via a support assembly including four support arms (i.e., tethers) 16A- 
30 16D. According to the embodiments shown and described herein, four 

support arms 16A-16D are spaced apart from one another so as to support 



four corresponding quadrants of the inertial mass 12. While four support 
arms 16A-16t) are shown and described herein in connection with the first 

]^ embodiment, it should be appreciated that any number of a plurality of 
' support arms may be employed in accordance with the teachings of the present 

:\ invention. While a different number of support arms may be employed, it is 
preferred that the linear accelerometer 10 contain an even number of support 

j arms. 

A central member 15 is fixed to the underlying substrate and is 
located substantially in the center region of the inertial mass 12. The central 
member 15 is connected to rigid members 19 extending on opposite sides 
along the X-axis, with each of the support arms 16A-16D extending along the 
Y-axis from the outer end of one of the rigid members 19. Thus, support 
arms 16A-16D are formed as extensions from the rigid members 19 which, in 
turn, are formed as extensions from the central member 15. The center 
member 15 and rigid members 19 are substantially fixed with respect to the 
substrate and are generally inflexible to acceleration. The support arms 16A- 
16D are flexible beams that act as springs which are compliant to bending 
along the sensing X-axis, but are relatively stiff to bending in the direction of 
the Z-axis which extends perpendicular to a plane formed by the X-axis and 
Y-axis. Additionally, the extension of the support arms 16A-16D along the 
Y-axis further prevents movement along the Y-axis. The support arms 16A- 
16D may have a thickness (depth) in the range of three to two hundred 
micrometers and a width in the range of one to twenty micrometers. 
According to one example, support arms 16A-16D may have a thickness of 
approximately thirty micrometers as compared to a width of approximately ten 
micrometers to provide a sufficient aspect ratio of thickness-to-width to allow 
for flexibility along the X-axis and stiffness in the Z-axis. 

A pair of parallel slots (trenches) 17 are etched in the inertial 
mass 12 to form each of the support arms 16A-16D. The slots 17 extend 
through the entire depth of the inertial mass 12 and, in effect, results in slots 
17 formed on opposite sides of each support arm. The slots 17 form air gaps 



which allow the support arms 16A-16D to be connected at a location radially 
outward from the inner edge, thereby providing for an increased effective 
overall length and greater flexibility of the support arms 16A-16D. The four 
support arms 16A-16D thereby substantially suspend the inertial mass 12 
above cavity 34, and allow linear movement of the inertial mass along the X- 
axis when subjected to linear acceleration along the X-axis. By employing 
four support arms 16A-16D, the entire structure is stiff with respect to linear 
accelerations along the Y-axis, yet the inertial mass 12 is free to move along 
the X-axis within the constraints of the support arms 16A-16D. 

Fixed to a thick oxide insulation layer 64 on top of substrate 60 
are four fixed electrodes 20A-20D, each having a plurality of fixed capacitive 
plates 24 interdisposed between adjacent movable capacitive plates 14, to form 
four banks of variable capacitors. The first fixed electrode 20A has a clock 
input line 22A for receiving a signal CLKB 26, such as a square wave signal. 
The plurality of fixed capacitive plates 24 provided with the first fixed 
electrode 20A are interdisposed between adjacent movable capacitive plates 14 
of inertial mass 12 for approximately one-quarter rotation (i.e., a ninety 
degree window) of inertial mass 12, to provide a first bank of capacitors. The 
second fixed electrode 20B likewise has a plurality of fixed comb-like 
capacitive plates 24 interdisposed between adjacent movable capacitive plates 
14 of inertial mass 12 for approximately one-quarter of its rotation to provide 
a second bank of capacitors. The second fixed electrode 20B has a clock 
input 22B for receiving a signal CLK 28, such as a square wave signal. The 
third fixed electrode 20C also includes a plurality of fixed comb-like 
capacitive plates 24 for approximately one-quarter of movable capacitive 
plates 14 of inertial mass 12, to provide a third bank of capacitors, and 
likewise receives signal CLKB 26 via input line 22C. The fourth fixed 
electrode 20D has a plurality of fixed capacitive plates 24 for approximately 
the remaining one-quarter of the movable capacitive plates 14 of inertial mass 
12, to provide a fourth bank of capacitors, and receives signal CLK 28 via 
input line 22D. It should be appreciated that the number of fixed electrodes 
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can be increased to multiplies of four, as represented by equation 4 x N, 
where N = l, 2, 3, 4, etc., which may advantageously provide for good 
matching and cross-axis rejections. 

Each of the fixed electrodes 20A-20D are formed near the outer 
perimeter of the inertial mass 12 extending through an angular rotation of 
approximately 90 degrees (90°). Adjacent fixed electrodes 20A-20D are 
dielectrically isolated from one another via isolators 18. Each isolator 18 has 
one or more slots that serve to provide a dielectric air gap. The fixed 
electrodes 20A-20D and corresponding plurality of fixed capacitive plates 24 
are fixed in place supported on top of insulation layer 64 and substrate 60. 
Accordingly, the inertial mass 12 and its rigid outer peripheral capacitive 
plates 14 are able to move relative to fixed capacitive plates 24 in response to 
a linear acceleration experienced along the sensing X-axis. 

The inertial mass 12 and movable capacitive plates 14 are 
electrically conductive and are electrically connected via an output line 30 to 
output pad 32 for providing an output charge V 0 . The output charge V 0 is 
processed to generate a voltage which has a voltage level indicative of the 
linear displacement of the inertial mass 12 relative to the fixed electrodes 
20A-20D due to linear acceleration about the sensing X-axis. Accordingly, 
by measuring the output charge V 0 at output pad 32, the linear accelerometer 
10 provides an indication of the linear acceleration experienced along the 
sensing X-axis. 

With particular reference to the cross section shown in FIG. 2, 
the linear accelerometer 10 includes substrate 60 which serves as the 
underlying support. Substrate 60 may include a silicon or silicon-based 
substrate having the thick oxide insulation layer 64 formed on the top surface, 
and a bottom oxide insulation layer 62 formed on the bottom surface. The 
substrate 60 may include silicon, or alternate materials such as glass or 
stainless steel. The substrate 60 and thick oxide insulation layer 64 are 
configured to provide a cavity 34 below the inertial mass 12. Additionally, 
substrate 60 and oxide layer 64 form a central pedestal 36 below the fixed 



central member 15 for purposes of fixing the central member 15 in place 
relative to the substrate 60. Central pedestal 36 also provides structural 
support during the fabrication process. 

Formed above the substrate 60 and on top of insulation layer 64 
is an EPI layer 66 made of conductive material, such as silicon. EPI layer 66 
is made of a conductive material and is etched to form various components 
including the inertial mass 12, central member 15, isolation trenches 80, air 
gaps 13 and 25, and other elements that support or isolate conductive signal 
paths. Trenches 80 and air gaps 13 and 25 provide physical and electrical 
isolation between adjacent elements. The EPI layer 66 may have a thickness 
in the range of 3 to 200 micrometers, and more particularly of approximately 
30 micrometers, according to one embodiment. With the main exception of 
the inertial mass 12 and central member 15, the EPI layer 66 further includes 
a field passivation layer 68 disposed on the top surface thereof. The 
conductive signal paths of electrodes 20A-20D, lines 22A-22D, and data line 
30 are formed on top of the conductive EPI layer 66 and partially on top of 
dielectric field passivation layer 68 to provide signal transmission paths. In 
addition, a metal passivation layer 90 is formed over each of these signal 
paths. 

Prior to the etching process, the central pedestal 36 provides 
structural support for the EPI layer 66 to allow the central mass 15 to be 
fixedly provided on top thereof. By^prqviding.a centraLpedestaL3_6, the 
structural integrity of the linear accelerometer 10 is enhanced during the 
fabrication process. After the etching process, the central pedestal 36 

r ~ 

supports the central member 15 which, in turn, supports the inertmljTiassJ2 
via rigid members 19 and support arms 16A-16D. By supporting the EPI 
layer 66 in the central region during the manufacturing process, the maximum 
stress experienced is greatly reduced. 

Referring to FIG. 3, a portion of the linear accelerometer 10 is 
further illustrated in greater detail. Data line 30 extends within a pair of 
parallel radial slots 31 extending along the Y-axis formed through the entire 
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depth of inertial mass 12 to provide an electrical path between the central 
member 15 and the output pad 32. The slots 31 provide dielectric isolation 
between the data line 30 and inertial mass 12, as well as between adjacent 
fixed electrodes 2*0 A and 20B, while allowing the inertial mass 12 and 
capacitive plates 14 to move along the X-axis, within limits. Trenches 80 
isolate the fixed electrodes from the outer surrounding elements. The fixed 
capacitive plates 24 are interdisposed between adjacent movable capacitive 
plates 14 and separated one from another via air gap 25. The air gap 25 
between capacitive plates 14 and 24 allows for movable capacitive plates 14 to 
move relative to the fixed capacitive plates 24. Each of the movable 
capacitive plates 14 has a very small mass as compared to the inertial mass 
12, and are rigid to prevent movement relative to the inertial mass 12. 
Additionally, the movable and fixed capacitive plates 14 and 24, respectively, 
each has a thickness equal to the thickness of the EPI layer 66. Because total 
change of capacitance is proportional to thickness of the capacitive plates 14 
and 24, the signal-to-noise ratio is enhanced with enlarged thickness. 

The air gap 25 between capacitive plates 14 and 24 is greater 
on one side of plate 14 as compared to the opposite side. For example, with 
respect to the bank of capacitors formed by fixed electrode 20B, the width W L 
of air gap 25 between capacitive plates 14 and 24 is approximately twice the 
width W s . The air gap 25 between adjacent pairs of capacitive plates 14 and 
24 is configured substantially the same for each of the fixed capacitive plates 
connected to the fixed electrode. However, for adjacent fixed electrodes 20A 
and 20B, the orientation of the conductive plates 14 and 24 is switched in that 
the larger air gap with W L and smaller gap width W s of air gap 25 is on the 
opposite side as compared to the adjacent fixed electrode. For example, the 
fixed capacitive plates 24 on fixed electrode 20A are separated from movable 
capacitive plates 14 by an air gap 25 of width W L twice as wide on the left 
side of capacitive plates 14 as the width W s on the right side of capacitive 
plates 14, while fixed electrode 20B is configured with a larger air gap width 
W L on the right side of plate 14 as compared to its left side. Additionally, 
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motion stop beads (not shown) can be formed on either or both of the movable 
and fixed capacitive plates 14 and 24, respectively, for limiting the relative 
movement between capacitive plates 14 and 24, in the event excessive linear 
acceleration is experienced along the X-axis. 

The linear accelerometer 10 shown and described herein has 
four banks of variable capacitors formed by capacitive plates 14 and 24. The 
capacitive plates 14 and 24 associated with the first fixed electrode 20A are a 
mirror image of the capacitive plates 14 and 24 associated with the fixed 
electrode 20B. Likewise, the arrangement of the capacitive plates 14 and 24 
associated with fixed electrode 20C is a mirror image of the capacitive plates 

14 and 24 associated with fixed electrode 20D. The capacitive plates 24 
associated with fixed electrodes 20A and 20C have a certain p ositive-to^ 
negative orientation with respect to capacitive plates 14. In contrast, the 
positive-to-negative orientation between capacitive plates 14 and 24 for the 
fixed electrodes 20B and 20D are arranged oppositely. By alternating the 
orientation of the plurality of four banks of capacitors in four quadrants as 
disclosed, the linear accelerometer 10 of the present invention essentially nulls 
out rotational cross-axis sensitivities and linear off-axis sensitivities, and 
allows for linear acceleration to be sensed about the sensing X-axis. Further, 
by employing a plurality of fixed capacitive plates 24 commonly connected to 
fixed electrodes 20A-20D a reduced number of signal input and output lines 
may be achieved. 

Referring to FIG. 4, an enlarged central portion of the angular 
accelerometer 10 is illustrated therein in greater detail. The central member 

15 is shown separated from inertial mass 12 via air gap 13. Rigid members 
19 extend on opposite sides and likewise are separated from the inertial mass 
12 via air gap 13. At the outer ends of each of rigid members 19 are the 
vertically (Y-axis) disposed support arms 16A-16D, each of which extends 
perpendicular to the sensing X-axis. Each of support arms 16A-16D is 
formed by cutting out air gaps^l-3 - from inertial mass 12. Each of support 
arms 16A-16D is formed of a continuous conductive signal line which, in 



12 

addition to physically supporting the inertial mass 12, also transmits electrical 
signals. Support arms 16A-16D are formed by etching to remove material to 
form the bordering slots 17. Support arms 16A-16D flex within slots 17 to 
allow linear movement of the inertial mass 12 along the sensing X-axis 
relative to the central member 15 and rigid members 19. Accordingly, 
support arms 16A-16D provide rigid support along the Y-axis and the Z-axis, 
while allowing for linear motion due to acceleration about the X-axis. 

Referring to FIG. 5, processing of the signals applied to and 
sensed with the linear accelerometer 10 is illustrated according to one 
embodiment. The fixed electrodes 20A-20D are generally shown receiving 
clock signal CLKB at pad 26 and signal CLK at pad 28. Clock signals CLKB 
and CLK may be rectangular, e.g., square, wave-generated signals that have 
alternating voltage levels of V s and zero volts or + V s and -V s . Clock signal 
CLKB is one hundred eighty degrees (180°) out of phase, i.e., inverse, as 
compared to clock signal CLK and therefore provides an opposite phase 
rectangular waveform. The processing circuitry includes a summer 30 for 
receiving the output voltage V 0 on pad 32 and a voltage V 02 received from the 
summation of the capacitors, represented herein as CT, when a voltage source 
V s is applied thereto. Voltage V 02 contains noise present in the sensed signal, 
and summer 30 subtracts the noise from the output charge V 0 . The output of 
summer 30 is applied to a charge-to- voltage converter and demodulator 32 
which converts the processed charge to a voltage signal. The voltage signal is 
then input to a summer 34 which receives a signal from an offset trim 36 and 
a signal from a continuous offset drift trim 38. The offset trim 36 provides a 
signal which compensates for bias. The continuous offset drift trim 38 
provides a signal which compensates for bias drift, particularly due to 
temperature variations. Accordingly, summer 34 sums the trimmed signals 
with the voltage output so as to compensate for bias errors. The bias 
compensated voltage is then applied to an output driver and gain trim 40 
which rescales the voltage to within a desired range and produces the output 
signal V OUT . It should be appreciated that the output signal V OUT may be 
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further processed via further control circuitry, such as a microprocessor-based 
controller, to perform various control functions. 

Referring to FIG. 6, a linear accelerometer 10' is shown 
according to a second embodiment of the present invention. The second 
embodiment of the linear accelerometer 10' differs from the first embodiment 
of linear accelerometer 10, in that the capacitive plates 14 and 24 are rotated 
ninety degrees (90°) so as to sense linear acceleration about the Y-axis, 
instead of the X-axis. In addition, linear accelerometer 10' employs a 
substantially rectangular central member 15' connected to the underlying 
substrate, and employs connecting arms 19' which connect the central 
member 15 ' to each of the four support arms 16A-16D. The support arms 
16A-16D extend along the X-axis so as to sense linear accelerations directed 
along the Y-axis. The interconnecting members 19' extend vertically inward 
into central member 15 ' so as to provide flexibility at the connection of the 
support arms 16A-16D. 

In operation, the linear accelerometer of the present invention 
provides a measurement of the linear acceleration along a designated axis, 
such as the X-axis in FIG. 1 or the Y-axis in FIG. 6. While two 
embodiments are shown for sensing linear acceleration about the X-axis and 
Y-axis, it should be appreciated that the accelerometer may otherwise be 
configured to provide linear acceleration measurements along any other 
designated axis. 

In measuring linear acceleration, the inertial mass 12, when 
subjected to a linear acceleration about the sensing axis, moves relative to the 
fixed electrodes 20A-20D and within the restraining limits of the support arms 
16A-16D. If the inertial mass 12 moves linearly and in a positive direction 
along the sensing axis, the opposing banks of variable capacitors formed by 
fixed electrodes 20A and 20C increase in capacitance, while the opposing 
banks of varjable-capacitors-formed.b^ decrease in / 

value, or vice versa. The change in capacitance provides a voltage output 
signal V 0 that is indicative of the linear acceleration experienced. Since the 
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support arms 16A-16D are integrally formed within slots 17 in the inertial 
mass 12 and attached to the central member 15, susceptibility to damage by 
external shock is thus reduced. In addition, the supporting arrangement 
minimizes sensitivity of the microsensor to structural asymmetries. Further, 
sensitivities due to fabrication processing, packaging, shocks subjected during 
handling, and temperature-induced stresses are greatly minimized with the 
configuration of the present invention. Further, the high mechanical gain 
achieved with the linear accelerometer along the main linear axis results in an 
accelerometer that is substantially immune to EMI signals and other noise 
signals. By connecting the inertial mass ring to the fixed central member via 
the plurality of support members, the linear accelerometer is less sensitivity to 
stresses induced by fabrication processing, packaging, handling, and structural 
asymmetries. The realization of high gain enhances immunity to EMI signals 
and environmental conditions such as temperature and humidity. In addition, 
the linear accelerometer provides high gain for linear accelerations about the 
sensing axis, while minimizing linear and cross-axis sensitivities. 

The method of forming the linear accelerometers 10 and 10' in 
a single-crystal silicon epitaxy layer (EPI) suspended over a cavity may 
include the following steps. First, a cavity is etched into a handle wafer, then 
a second wafer is bonded to the handle and etched back to the requisite device 
thickness. This direct silicon bonding is a mature process. Appropriate films 
are grown or deposited over the EPI, contacts are etched, and metal is routed. 
Then the active structure is masked and etched. Finally, the sensor die is 
capped to prevent particulate contamination and moisture intrusion. It should 
be appreciated that other known techniques may be employed to manufacture 
the linear accelerometer according to the present invention. 

It will be understood by those who practice the invention and 
those skilled in the art, that various modifications and improvements may be 
made to the invention without departing from the spirit of the disclosed concept. 
The scope of protection afforded is to be determined by the claims and by the 
breadth of interpretation allowed by law. 



